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PURPOSE: Pregnancy is a physically impactful process in a woman’s life. During this
time, a woman will gain weight and research has shown that many women will retain
some extra weight after delivery. Because of this, recovery in the postpartum period is
pivotal to avoiding the implications of weight retention. The postpartum period is vastly
understudied in both the research and medical communities and this gap between
pregnancy and postpartum research needs to be bridged. Therefore, the purpose of this
study was to investigate metabolic changes from pregnancy to postpartum and to study
how factors such as sleep and breastfeeding can impact metabolic values in the
postpartum period. METHODS: Women participated in a pregnancy study visit at 32-34
weeks of gestation (n = 25) and attended two subsequent visits at 4-6 months (n = 25) and
12-13 months postpartum (n = 16). At these visits, the women had a baseline blood draw
and baseline metabolic measurements taken via indirect calorimetry. At the pregnancy
visit, participants completed a demographic survey and a dietary questionnaire (DHQ-II).
At the postpartum visits, they completed the same surveys, along with validated sleep and
breastfeeding surveys. RESULTS: Absolute resting metabolic rate (RMR) was
significantly higher during pregnancy than at 4-6 months postpartum and 12-13 months
postpartum (p < 0.001 and p = 0.001, respectively). Accounting for body weight, relative
RMR was significantly higher during pregnancy than at 4-6 months postpartum. With
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regard to sleep, women deemed to be “good sleepers” had a significantly higher relative
RMR than those who were deemed “poor sleepers” (23.6 ± 2.5 vs 20.8 ± 2.3, p = 0.009).
With regard to breastfeeding, women who breastfed had a relative RMR than the women
who did not breastfeed (22.8 ± 2.6 vs 20.4 ± 2.3, p = 0.046). CONCLUSIONS: There are
hypermetabolic changes that take place during pregnancy. These values seem to decrease
into the postpartum period. Women who demonstrate an improved sleep quality and who
opt to breastfeed tend to have improved metabolic responses. This could help combat the
struggle with postpartum weight retention that some women face.
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Introduction
Throughout the duration of pregnancy, expecting mothers who opt for prenatal
care will attend anywhere from ten to fifteen prenatal visits as recommended for routine
standard-of-care monitoring. At these appointments, physicians closely monitor hormonal
and metabolic changes that could indicate disorders such as preeclampsia or gestational
diabetes and act accordingly. This is clinically important as preeclampsia and gestational
diabetes are two of the most common, and also troubling, complications during
pregnancy (Bryson et al. 2003; Carpenter 2007). It is well-understood that the well-being
of both the mother and the child is interdependent during pregnancy, and because of this,
the mother’s health is monitored as closely as the child’s. However, after the baby is born
(barring any unforeseen complications at delivery), this changes quite dramatically and a
new mother will attend only one or two postpartum visits with an obstetrician.
Until recently, for most women who opt for postnatal care, there was one 6-week
follow-up appointment offered by obstetricians. Over the past year, the American College
of Obstetricians and Gynecologists has recommended two visits – a follow-up visit at
around 3 weeks postpartum and a comprehensive visit at 12 weeks (2018). Regardless of
the recommendations, though, research suggests that fewer than 50% of women make or
keep postpartum appointments with their provider (Bennett et al. 2014). Clinicians are
urging patients to understand the importance of postpartum follow-ups. Dr. Wendy
Bennett at Johns Hopkins said, “Women need to understand the importance of a six-week
visit to the obstetrician- not only to address concerns and healing after delivery, but also
to follow up on possible future health risks, review the pregnancy and make the transition
to primary care.
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In fact, once the baby is born, medical attention tends to shift to the health of the
child and often times the metabolic health of the mother is no longer a priority. This can
be troublesome for some mothers in the postpartum period who find themselves
struggling to lose the excess weight that was gained during the pregnancy, which is
putting them at risk for other adverse health outcomes such as diabetes or high-blood
pressure (Caballero 2003; Rooney et al. 2005; Leddy et al. 2008). The problem is further
elucidated by the fact that many women not only gain excessive weight during
pregnancy, but they struggle to lose this weight, and many of them go on to have
subsequent pregnancies and weight gain. By the end of childbearing years, they are
substantially heavier than before, and thus, their risk for long-term health outcomes is
increased.

Pregnancy

Weight Gain

Increased CVD risk

Obesity

Diabetes
Hypertension

Weight Retention

Figure 1. Implications of Gestational Weight Gain and Postpartum Weight
Retention
In order to study the metabolic changes that take place from pregnancy to
postpartum, there are two measurements that are necessary to assess during pregnancy
and postpartum – resting metabolic rate and substrate utilization. Resting metabolic rate,
or RMR, provides an estimate of total energy expenditure of an individual at rest over the
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course of 24 hours (Henry 2005). Studies suggest that RMR will increase throughout
pregnancy and then decrease into the postpartum period in response to changes in body
weight status (Kopp-Hoolihan et al. 1999; Melzer et al. 2009), but the extent of these
changes is poorly understood. What is known, however, is that a decrease in RMR during
into the postpartum period is one factor that could lead to greater problems associated
with postpartum weight retention (Connolly et al. 1999; Melzer and Schutz 2010).
Weight retention has been associated with the increased prevalence of obesity on an
international level (Leddy et al. 2008) and obesity has been known to increase the risk for
a number of chronic adverse health outcomes, such as diabetes and heart disease
(Caballero 2003).
Substrate utilization considers the rate at which lipids and carbohydrates are being
metabolized for energy. To determine substrate utilization, measurements of respiratory
components must be assessed – namely the carbon dioxide being produced, and the
oxygen being consumed by an individual. Validated equations use the respiratory values
to determine both the lipid and carbohydrate oxidation that comprises a person’s
metabolic rate (Péronnet and Massicotte 1991). These oxidation values indicate the rate
at which substrates are metabolized and that data can be compared to substrate intake to
determine energy balance within the body. The literature suggests that the absolute rate of
both lipid and carbohydrate oxidation will be higher during pregnancy compared to those
in the postpartum period (Butte 2000).
Respiratory quotient (RQ) is a variable that is indicative of substrate utilization
and is calculated as a ratio of carbon dioxide being produced to the oxygen being
consumed during respiration. The value of a RQ will range between 0.7 and 1.0 (or
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higher in some cases). A higher RQ is indicative of an increased reliance on
carbohydrates for energy, whereas a lower RQ suggests an increased reliance upon lipid
sources (Péronnet and Massicotte 1991). RQ does not offer such a specific breakdown of
each substrate’s oxidation, but it does offer a meaningful value that shows which
substrate’s utilization predominates metabolism at the time of testing.
A number of factors affect metabolism, but one of the most pertinent factors to
study for women in the postpartum period is sleep. Disruptions to sleep patterns and
circadian rhythms have a considerable effect on metabolic physiology and “shorter sleep
duration is linked to obesity, coronary artery disease, and diabetes” (Gunderson et al.
2008; McHill and Wright 2017). Since a mother’s new sleep schedule mirrors that of her
new baby, it can be sporadic at times (Hunter et al. 2009; Montgomery-Downs et al.
2010) and she may not get as much sleep as she needs to make adequate progress toward
returning to her pre-pregnancy metabolic health and weight status.
Lactation and breastfeeding status is another factor in the postpartum period that
can affect RMR (Lederman 2004; Sharma et al. 2014). Lactation leads to an increase in
energy demands for a new mother and, therefore, an increased metabolic rate. That said,
research has shown that in order for women and their children to reap the greatest benefit
from breastfeeding, they should consider breastfeeding exclusively for at least 6 months
and continuing to breastfeed for at least a year after delivery (2012; Sharma et al. 2014);
however, this is not feasible for all women.
The metabolic changes that occur during pregnancy are a ‘hot topic’ in the
literature and have become relatively well-characterized; however, the amount of
research on postpartum metabolic health is considerably lacking. Much of the research
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was performed on non-human subjects or was collected as far back as the early 1970s.
Postpartum metabolic health needs to receive more attention so that we can remedy the
metabolic challenge many women face during this time period and obtain more up-todate, relevant references that both expecting mothers and physicians can utilize clinically
in the future to improve the long-term health of women following childbirth.
This project serves to bridge the gap that exists between research on pregnancy
and the postpartum period by prospectively observing metabolic changes that take place
before and after delivery. More importantly, this project provides thorough and
comprehensive attention to the postpartum period and a woman’s road to recovery after
her child is born.
Therefore, the purpose of this research is twofold: 1) to determine changes in
resting metabolism (RMR, substrate utilization, and RQ) in women from pregnancy to
postpartum; and 2) to analyze how factors such as sleep and breastfeeding in the
postpartum period can affect RMR and potentially contribute to complications with
weight retention.
Aim 1: Test the changes in resting metabolic rate and substrate utilization from 3234 weeks of gestation to 4-6 and 12-13 months postpartum
Hypothesis 1A: Absolute RMR will be higher during pregnancy compared to postpartum.
Hypothesis 1B: Relative RMR (accounting for kg body weight) will be higher during
pregnancy compared to postpartum.
Hypothesis 1C: Carbohydrate metabolism will be higher during pregnancy compared to
postpartum.
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Hypothesis 1D: Lipid metabolism will be higher during pregnancy compared to
postpartum.

Aim 2: To determine factors that impact metabolism during the postpartum period
Hypothesis 2A: Women with good sleep quality (assessed via the Pittsburgh Sleep
Quality Index) will have a higher RMR and lower postpartum weight retention compared
to those with poor sleep quality at 4-6 months postpartum.
Hypothesis 2B: Women who breastfeed will have a higher relative RMR than those who
do not at 4-6 months postpartum.

Exploratory Aim 1: Determine the relationship between an important metabolic
hormone, adiponectin, and metabolic dysfunction (insulin resistance) at 4-6 months
postpartum
Exploratory Hypothesis 1: Adiponectin levels will be negatively correlated with insulin
resistance (HOMA-IR).
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Literature Review
Metabolism
When people talk about increasing or enhancing their metabolism, they are often
concerned with burning fat and looking lean. Metabolism is associated simply with
weight loss and fitness to the general public. And while this is a feature of what
metabolism contributes to, it is also important to understand that metabolism is a vital
process. Metabolism encompasses all of the chemical reactions that occur within the
body. These reactions include the breakdown of nutrients within the body to generate and
maintain enough energy in the body to sustain life. Because of this, metabolic processes
warrant a great deal of focus and research in the scientific and medical communities.
Metabolic processes can be analyzed using a variety of methods, but the most
convenient method is through indirect calorimetry, which analyzes gas exchange during
ventilation. More specifically, it measures the oxygen consumed and carbon dioxide
produced by a person. The oxidation of macromolecules leads to the production of the
carbon dioxide and the consumption of oxygen and both of these can be used to estimate
heat production, and subsequently, caloric expenditure. Therefore, these values can be
used to estimate the body’s overall metabolic rate and to indicate the body’s predominate
sources of energy used to meet its metabolic demands.
With this method of indirect calorimetry, clients simply breathe into an apparatus
and a computerized analyzer that processes the data in real time (Munguia Tapia 2008).
Indirect calorimetry provides a portable, in-lab option to analyze metabolism in an
environment that can be easily adjusted to desired settings (Welch et al. 2015). It is a
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relatively simple method that allows administrators to collect data that can significantly
impact the overall health of their patients.
Throughout pregnancy, hormonal and body composition alterations take place to
accommodate the developing fetus in a manner that enhances its growth and health; these
changes result in altered metabolic functions (Lof et al. 2005). One value indicative of
these metabolic changes is referred to as the resting metabolic rate. Resting metabolic
rate (or RMR) is a key component of metabolism that is often collected to determine an
individual’s metabolic capacity. It represents the cost of energy for self-maintenance and,
thus, represents daily caloric expenditure (without accounting for physical activity and/or
movement) (Burton et al. 2011). RMR therefore determines a human being’s
predisposition to weight gain and retention (Cunningham 1980). If a person is
predisposed to weight retention, there are associated risks for diseases that could follow.
Among these, are an increased risk for diabetes, obesity, and heart disease (Caballero
2003; Leddy et al. 2008).
During pregnancy, women are recommended to gain between 11 and 40 pounds
to support a healthy pregnancy (Rasmussen et al. 2009). The exact recommendation for
weight gain is dependent upon the mother’s pre-pregnancy weight status (Cogswell et al.
1999; Leddy et al. 2008; Rasmussen et al. 2009). Per the Institute of Medicine, a woman
who is underweight with a BMI of less than 18.5 at her initial prenatal visit is
recommended to gain between 28 to 40 pounds. A woman with a normal BMI status
(BMI of 18.5 to 24.9) is recommended to gain 25 to 35 pounds. A woman who is
considered overweight (BMI between 25.0 to 29.9) is to gain 15 to 25 pounds and any
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woman who is obese (any class of obesity; BMI > 30) is to gain between 11 and 20
pounds.
Such an increase in body weight will likely result in an increased RMR for the
women (Kopp-Hoolihan et al. 1999; Melzer et al. 2010b). This is evident when observing
metabolic rates in the obese population versus the lean and/or normal body weight
populations. The increase in body mass leads to an increased RMR in order to adequately
maintain homeostasis within the body. As people lose excess weight, there is a decrease
in RMR (James et al. 1978). However, if caloric intake is not lowered in addition to this
drop in metabolic rate, energy rate will not be maintained, and subsequent weight gain
can follow.
It is recommended that women increase their caloric intake during the gestational
period to support necessary physiological changes that occur during gestation and the
growth of their baby. Research has also shown that many women reduce their physical
activity levels during pregnancy as well (Melzer et al. 2010a). With that said, the weight
gained during pregnancy, while gradual and expected, can lead to weight retention after
pregnancy. Interestingly, it is estimated that at least 40% of women gain above the IOM
guideline recommendations (Groth and Kearney 2009). After the child is born, though,
mothers will inevitably lose some of the weight gained and will have a decrease in their
RMR. However, if they continue making the same lifestyle choices that are often seen
during pregnancy (i.e. the increased caloric intake and reduced physical activity), they
may be at risk for weight retention and possibly even further weight gain in the
postpartum period. Nearly 75% of women will retain some weight after pregnancy
(Endres et al. 2015; Hollis et al. 2017). While average weight retention can be as low as 1
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to 3 pounds, research suggests that upwards of 25% of women will retain ≥10 pounds in
excess of their pre-pregnancy weight (Gunderson 2009; Beyerlein et al. 2009) up to a
year after delivery. Therefore, the implications of postpartum weight retention are
substantial!
Substrate Utilization
While RMR measures daily caloric expenditure, it is a general value that does not
provide a breakdown of where those calories are coming from. This is where substrate
utilization plays an important role in understanding metabolism. Substrate utilization
takes into consideration which macromolecules are predominately being metabolized for
energy. Lipids and carbohydrates are the dominant sources of energy within the body, so
those are the substrates that are analyzed when looking at assessments of energy
expenditure. A value indicative of substrate utilization is called the respiratory quotient,
or RQ (McClave et al. 2003). This value is typically between 0.70 and 1.00 and
represents a ratio of the carbon dioxide (CO2) produced by the body to the amount of
oxygen (O2) being consumed. A higher RQ is indicative of an increased reliance on
carbohydrates for energy, whereas a lower RQ suggests an increased reliance upon lipid
sources. For example, a respiratory quotient of 0.7 would indicate the exclusive use of
mixed fats, whereas an RQ of 1.0 or higher would suggest the exclusive use of
carbohydrates (Péronnet and Massicotte 1991).
During pregnancy, research has demonstrated that there is an increased reliance
on carbohydrate oxidation to meet metabolic demands for both the mother and the fetus
(Butte 2000). Along with this shift, there is an increased amount of insulin secreted,
which often leads to a decreased sensitivity to the insulin produced. In some cases, this
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combination becomes an issue of insulin resistance or glucose tolerance and can
subsequently result in the diagnosis of gestational diabetes mellitus, or GDM (Butte
2000; Melchior et al. 2017). Whether or not a woman reaches a diagnosis of GDM, all
women become more insulin resistant throughout their pregnancy as a way to spare
glucose for the growing baby, as glucose is the preferred source of fuel for the fetus
(Battaglia and Meschia 1978).
Later in gestation, there are increasing levels of certain hormones including
prolactin and cortisol. The increase of these hormones should lead to the utilization of
other sources, such as a higher percentage of lipids for fuel. However, research suggests
that there is still a considerable mobilization of carbohydrates for fuel (Butte 2000). Even
with these hormonal shifts closer to delivery, the average respiratory quotient of mothers
during pregnancy has been found to be significantly higher than it is in the postpartum
period (Butte et al. 1999; Butte 2000).
While RQ values indicate that carbohydrates are a preferable source of energy
throughout pregnancy, it is important to note that this is not the only metabolic shift that
is occurring. There is a constant flux of sources used, as some sources are preferable at
various points throughout gestation. For example, lipids are the predominate substrate to
support metabolism in the early and middle portions of the pregnancy, there is an
increased need to build up and accumulate fat deposits within the body to promote the
growth of the fetus ("Lactation" 1990; Sattar et al. 1998; Butte 2000).
The increased deposition of fat in the body that occurs during the early and
middle portions of pregnancy can be mobilized for energy later on (Elenkov et al. 2001).
This is why we see an increased mobilization of fats in the last trimester of pregnancy.
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This increased mobilization is the result of hormones, such as human chorionic
somatomammotropin (HCS), that promote lipolysis (Butte 2000). An increased reliance
upon lipids spares other sources, such as glucose and amino acids, which can be used by
and for the fetus.
Sleep and Metabolism
Sleep is an essential factor that impacts metabolism. The majority of studies
evaluating the effects of sleep on metabolism are and have been performed on nonpregnant or postpartum participants. For example, Spaeth, Dinges, and Goel (2015)
performed a study that restricted participants to only four hours of sleep for five days.
The test subjects consisted of healthy men and women aged 21 to 50 years old. The
resting metabolic rates of the 36 sleep-restricted participants were collected and
compared to a control group of 11 participants that had unrestricted sleep. The results of
the experiment demonstrated that RMR was significantly reduced after sleep restriction,
and this is consistent with other studies (Buxton et al. 2012). Their experiment did not
control for dietary intake, which may be a potential reason why the difference in RMR,
although significant, was only about 50 kcal/day.
Buxton et al. (2012) developed a study that involved both a restriction of sleep
and disruption of circadian rhythm of its participants. There were twenty-one
participants, including both men and women aged 21 to 65 years old whose data was
analyzed. All twenty-one of the participants were instructed to spend 10 hours in bed
each night and have a self-selected, consistent bedtime for 3 weeks just before the study.
This was done in order to ensure the participants were not suffering from a lack of sleep
and that their circadian cycle was stable. Their study protocol included 3 weeks of sleep
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restriction, where the participants were limited to 5.6 hours of sleep in a 24-hour period.
Participant circadian rhythms were also disrupted as a “day” was then treated as a 28hour period for the participants. After the 3-week protocol, there was a 9-day recovery for
the participants, where they were retrained and adapted to their previous circadian
rhythm. The results of this study included an approximate reduction of 8% in RMR with
the sleep reduction and disruption. RMR made progress toward the baseline levels during
the 9-day recovery period, but complete recovery was not achieved.
In regards to postpartum metabolism specifically, one study has shown a low
number of hours of sleep can lead to increased weight retention over the long-term
(Gunderson et al. 2008). In the study, women that were 6 and 12 months postpartum were
asked to self-report how many hours of sleep they got over a 24-hour period and about
their perceived quality of the sleep they were getting. At 6 months postpartum, the
women who reported shorter durations of sleep lasting 5 hours or less were 2.3 times
more likely to retain weight at the 1-year mark. At 12 months, the women who reported
reduced hours of sleep were found to be twice as likely to have considerable postpartum
weight retention of five kilograms or more. This experiment was very thorough because it
accounted and controlled for confounding variables that could have affected postpartum
weight retention and therefore, exhibited a true correlation between sleep and weight
retention. The women who did not receive a sufficient amount of sleep had a decrease in
metabolic activity (Gunderson et al. 2008), and therefore, were more likely to retain
weight over time. This demonstrates the need to consider sleep as an additional factor
that can affect RMR in postpartum women. When looking at sleep, it is important to
consider not only the amount of time spent asleep. The quality of sleep is also impactful,
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as having disruptions of sleep and the circadian rhythm can be as detrimental as not
getting enough of it (Buxton et al. 2012).
Lactation/Breastfeeding and Metabolism
Lactation is associated with increased energy requirements and metabolic rate in
women (Lederman 2004; Butte et al. 1999; Butte and King 2005). However, the specific
difference in energy requirements in lactating women is still not fully understood. Butte
et al. (1999) compared data from 40 lactating, postpartum women and 36 non-lactating,
postpartum women. They took metabolic measurements at 37 weeks of gestation, and 3and 6-months postpartum. The results of their study showed a higher RMR in the
lactating group, although this difference was not significant. In the lactating group, there
was no significant change in either lipid or carbohydrate metabolism over the timepoints.
In the non-lactating group, however, carbohydrate oxidation decreased, and lipid
oxidation increased linearly over the timepoints.
Butte and King (2005) compiled a database of previous research studying changes
in caloric energy expenditure in lactating women. In order to estimate these changes in
energy requirements, they made it a point to study the rates of milk production, the
energy density of the milk produced, and mobilization of energy from the body’s tissues
(Butte and King 2005). After this database was compiled, the data analyses indicated that
healthy, lactating women have an energy requirement that is about 1.9 mJ/day higher
than their non-lactating counterparts. This converts to an energy requirement of roughly
450 kcal/day more.
With regard to breastfeeding, what has been shown, is that the extent of metabolic
increases at rest are dependent upon how long the women sustain their lactation. Most
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research suggests that women experience the greatest reduction in body weight after
breastfeeding for at least 6 months into the postpartum period (Sharma et al. 2014).
Recommendations for breastfeeding suggest that women should attempt to breastfeed
exclusively for at least 6 months and continue to breastfeed for at least a year into the
postpartum period (2012); however, this is certainly not feasible for many women for
many reasons. Sharma et al. (2014) studied 726 women of various body weight statuses
and investigated associations between adherence to breastfeeding recommendations and
weight retention up to 6 years after delivery. There was no relationship between
breastfeeding and weight retention found in the normal and overweight subjects, but there
was a significant association in the obese mothers. Those who adhered to the
recommendations had a weight retention about of about 17.6 pounds less than the obese
mothers who did not abide by the guidelines. Considering the implications of being
obese, this reduction in weight retention is favorable and suggests that obese mothers can
benefit quite a bit from breastfeeding exclusively and for a sustained period of time.
Adiponectin
Adiponectin is an adipocytokine that is derived from adipose tissue (Mazaki-Tovi
et al. 2007). Adiponectin plays a role in reducing insulin resistance in non-pregnant
individuals (Stefan and Stumvoll 2002; Mazaki-Tovi et al. 2007; Acharya et al. 2013).
Low levels of adiponectin in both men and women have been associated with an
increased risk for insulin resistance and, potentially, for the development of type II
diabetes (Stefan and Stumvoll 2002; Mazaki-Tovi et al. 2007). In order to explore the
role of weight status/weight loss on adiponectin, one study investigated the relationship
between total adiponectin and insulin resistance after the implementation of a weight loss
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intervention that spanned 6 months (Acharya et al. 2013). This study included 143
overweight/obese adult participants. The purpose of the study was to investigate the
circulating adiponectin levels of the individuals and their homeostasis model assessment
of insulin resistance (HOMA-IR). It was found that, regardless of the participants’
baseline weight and weight loss after the program, increased levels of adiponectin were
related to increased insulin sensitivity.
Insulin resistance is a normal physiologic response to pregnancy in an effort to
spare glucose for the growing fetus, and this insulin resistance is even more pronounced
among pregnancies complicated by obesity and/or gestational diabetes. Therefore, serum
adiponectin levels would be expected to increase during pregnancy. However, it is
suggested that adiponectin levels decrease from early to late pregnancy (Nien et al. 2007;
Lekva et al. 2017). The mechanisms behind why this may be are not well understood,
though. Regardless, this decreased adiponectin can have negative effects for the mother,
as the anti-diabetic effects of adiponectin are not as abundantly present. Interestingly,
though, this decrease in adiponectin levels can also have an impact on the development of
the fetus. Once study demonstrated that women with a more pronounced decrease in
adiponectin during pregnancy were more likely to deliver large-for-gestational age babies
or have fetuses with a high intrauterine abdominal circumference (Lekva et al. 2017).
This suggests that adiponectin levels can have an impact on fetal development.
Mazaki-Tovi et al. (2007) performed a cross-sectional study on 80 different
pregnant women – 20 at each trimester and at 4 days postpartum. Serum adiponectin
levels were taken for each participant. The results of the study included no significant
change between the three trimesters of pregnancy and a significant reduction in
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adiponectin levels between the three trimesters and the postpartum timepoint. As
mentioned before, this was a cross-sectional study, which does not demonstrate each
participant’s specific adiponectin levels over the time of gestation and into the
postpartum period. They did attempt to control for variables that may have altered
adiponectin levels in individuals but did not report comprehensive demographic data for
each cohort. Further research exploring adiponectin levels during pregnancy and
postpartum among the same participants is warranted.
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Methods
Participants
Healthy pregnant women were recruited via word of mouth and in response to
study flyers that were posted at local OB-GYN offices. They were recruited between 3234 weeks of gestation as part of an initial pregnancy study. After completing the
pregnancy visit, participants from the pregnancy study were asked to attend two
subsequent postpartum visits – one at 4-6 months and the other at 12-13 months
postpartum. The women (N = 25) had to meet the following criteria in order to be eligible
to participate in the studies:

Inclusion Criteria:

Exclusion Criteria:

1. Age 18-44

1. Multiple gestation pregnancy

2. Confirmed singleton viable
pregnancy with no fetal abnormalities
at routine 18-22 week
ultrasonography

2. Inability to provide voluntary informed
consent

3. Receipt of prenatal care and plans to
deliver at The Medical Center in
Bowling Green, KY

3. Current use of illegal drugs

4. Completion of a normal routine,
standard of care gestational diabetes
screen

4. Current smoker who does not consent
to cessation

5. Clearance to participate from their
obstetrician

5. Current usage of daily medications by
class: corticosteroids, anti-psychotics
(known to alter insulin resistance and
metabolic profiles)
6. History of gestational diabetes, prepregnancy diabetes or prior macrosomic
(>4500g) infant
7. Any condition that would preclude
exercise

Table 1. Participant Inclusion and Exclusion Criteria
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All study procedures were approved by the Institutional Review Board of Western
Kentucky University (IRB 16-229 and IRB 17-412). The participants were each given a
written informed consent prior to each visit (see Appendices A and B) and received
compensation after completing each visit.

POSTPARTUM VISITS

PREGNANCY VISIT

Procedures

• Before Study:
• Standardized meal
• Overnight fast

• Study:
• Baseline blood draw
• Resting metabolic
measurements
• Surveys
• Demographic survey
• DHQ-II
• After study:
• Actigraph watch worn 1
week

• Before Study:
• Standardized meal
• Overnight fast
• Study:
• Baseline blood draw
• Resting metabolic
measurements
• Surveys
• Demographic surveys
• DHQ-II
• PSQI
• BF survey
• After study:
• Actigraph watch worn 1
week

Figure 2. Study Visit Procedures
Pregnancy Visits
Each participant first completed a pregnancy visit at about 34-36 weeks of
gestation. Each woman was given instructions on what to eat at home the night before
the visit; these varied for each woman depending on her pre-pregnancy weight status (i.e.
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lean, overweight, or obese). The instructions included a detailed “menu” from which
participants could select the food items they preferred but in a specific portion size (see
Appendix C). These instructions included a dinner that was to be eaten around 6 PM and
a snack that was to be eaten around 9 PM the night before the visit. The standardized
meal consisted of approximately 50% carbohydrates, 30% fats, and 20% protein. The
participants were expected to eat no later than 10 PM the night before and come into their
study visit completely fasted.
At the start of each visit, baseline vitals were taken. These included the resting
heart rate and blood pressure of each participant to ensure safety. After vitals were
collected, a certified Nurse Practitioner inserted an IV catheter into either the antecubital
space (in the small of the arm) or the participant’s hand. Approximately 8 mL of blood
were withdrawn from the catheter and divided equally between a purple-top EDTA
vacutainer tube and a green-top lithium heparin tube. The blood was then centrifuged,
separated into its plasma and red blood cell components, and aliquoted into
microcentrifuge tubes. The tubes were kept frozen in a laboratory freezer at -80 °C for
future analysis.
After the blood draw, the women had their metabolic rate measured using a
ParvoMedics TrueOne 2400 metabolic cart with resting metabolic rate canopy system
(Welch et al. 2015). The cart was first calibrated in accordance with the appropriate
protocol. The participants were then instructed to lay on a plinth and a hood/canopy was
placed over their head; the hood was connected to the metabolic cart via tubing and an
airtight seal was created so that no air escaped while metabolic measurements were taken
(see Figure 1). Metabolic rate was recorded for 15 minutes, with the first five minutes not
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being included in the analyses as the machine stabilized and the diffuser was adjusted to
maintain stable CO2 levels (between 1.1 and 1.2) that were adjusted appropriately for the
individual.

Figure 3. Participant Under Metabolic Hood
The data collected by the Parvo cart included RMR, RQ, VO2, and VCO2
measurements. These values were averaged throughout the 10-minute duration and were
averaged to determine resting metabolic values for each participant. The respiratory
values taken during this time were eventually plugged into validated equations to
determine lipid and carbohydrate oxidation values at rest as well (Frayn 1983).
Skinfold anthropometry was then performed to determine body fat percentage of
the participants. Folds of the skin at seven predetermined sites were pressed with a
caliper (Harpenden Skinfolds Caliper, Baty International, United Kingdom) and the
thickness of each fold was recorded. These recorded values were logged into a
standardized equation that accounts for age (Jackson et al. 1980) to determine percent
body fat.
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Participants were then given surveys that included demographic questions, as well
as a dietary survey. The survey used was the Diet History Questionnaire, version 2.0 (or
DHQ-II), which was developed by the National Institutes of Health. This survey asked
the participants to recall their dietary intake of various foods and beverages over the last
month prior to their visit. It asks questions about how often they ate or drank the
food/beverages in the past month and also for them to report the average portion size that
they consumed when they did. Of the data collected from this survey, the variables that
were of interest included the amount of energy in calories and the total amounts of
carbohydrates and fats consumed daily by the women on average.
Just before the participants left after the study visit was complete, they were given
an Actigraph GT9X Link Accelerometer (ActiGraph LLC, Pensacola, FL) to objectively
assess their physical activity levels. The Actigraph Link was placed on the non-dominant
wrist. Triaxial accelerometers worn on the wrist have been validated in determining
physical activity energy expenditure in pregnant women (Choi et al. 2012). Data was
collected for seven consecutive days at 30 Hz. After a week, accelerometer was collected
from the participants. The accelerometer output was sampled by A 12-bit analog-todigital converter was used to sample the output. The percentage of time spent sedentary
and at different intensities of physical activity ranging from light to moderate were
calculated.
Postpartum Visits
After completing the pregnancy visit, the participants were asked to return for two
more visits – one between 4 and 6 months postpartum and the other between 12 and 13
months postpartum. The participants consumed the same standardized meal the night
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before each of these as they had for the pregnancy visit and again, they came in on the
morning of their study visits fasted. At each visit, the participants had their blood drawn
and metabolic rate recorded utilizing the same measures as those performed during the
pregnancy visit. Skinfold measurements were also taken again at each timepoint.
Additional surveys and questionnaires were then given to the participant to be
filled out at the postpartum visits, along with the same surveys from the pregnancy visit,
including the DHQ-II. These surveys focused on the lifestyle choices and/or symptoms
experienced after pregnancy, including the Pittsburgh Sleep Quality Index (PSQI) and a
validated breastfeeding survey (see Appendices D and E). The PSQI is a validated survey
(Qiu et al. 2016) that analyzes the quantity and quality of sleep that the participants get
on average based on their responses to various questions regarding their sleep. At the end
of the survey, members of the research team analyzed the responses and assigned the
participants with an index score that indicated whether the women were sleep deprived or
getting enough sleep. The scoring for the PSQI involved the calculation of seven
component scores (see Table 2).
Description of Scoring Criteria
Component 1
How the mothers would rate their overall sleep quality
Component 2
How long it took the mothers to fall asleep and how often they
couldn’t fall asleep within 30 minutes
Component 3
How many hours of sleep the mothers got at night
Component 4
Total hours of sleep out of total hours in bed
Component 5
How many times the mothers reported being woken from sleep for a
number of reasons (i.e. felt too hot/cold, needing to use the
restroom, bad dreams, etc.)
Component 6
How often mothers needed to take medication to help with sleep
Component 7
How often the mothers had trouble staying awake or keeping up
enthusiasm to get things done
Table 2. PSQI Component Scoring Criteria

23

For component scores, a higher value was indicative of either an increased
occurrence of sleep disruptions or an unfavorable quality of sleep reported. As such,
when these component scores were combined to determine an overall sleep quality index
score, a higher value was indicative of poor sleep and a lower value was indicative of
good sleep. More specifically, an index score of less than five resulted in the mother
being deemed a “good sleeper” and a score of five or more would result in her being
deemed a “poor sleeper”.
Blood Sample Analysis
Blood samples for glucose were analyzed immediately with an automated glucose
analyzer (OneTouch, Ultra 2, LifeScan, Inc). Insulin, lipid panels, free fatty acids, CRP,
and adiponectin were analyzed at the Core Laboratory for Clinical Studies as part of the
Washington University Institute of Clinical and Translational Sciences, where they were
performed by trained experts and run in duplicate. Adiponectin was only assessed at the
4-6-month postpartum time period.
Experimental Design and Statistical Analysis
This experiment involved the utilization of voluntary subjects that met the
appropriate criteria. Since each participant was simply arriving and having measurements
taken, there was no need to randomize or blind the experiment. The experiment was
prospective and longitudinal in nature, as data was collected during pregnancy, 4-6
months postpartum, and 12-13 months postpartum.
All data collected from this experiment was entered and stored on REDCAP data
management software. Prior to running statistical analyses, there were variables that were
created. Relative RMR was calculated by dividing each participant’s RMR by their body

24

weight in kilograms. This was performed for each time point using the body weight taken
at each study visit. Gestational weight gain (GWG) was calculated by subtracting each
participant’s pre-pregnancy weight from their weight at the pregnancy visit. Postpartum
weight retention (PPWR) was calculated by subtracting the weight of each participant at
each postpartum visit from their pre-pregnancy weight. Homeostatic model assessment
for insulin resistance (HOMA-IR) was calculated by multiplying fasting insulin by
fasting glucose and dividing by 405 (Matthews et al. 1985).
The statistical analyses of the data were performed on SPSS version 25 software.
Normality of distribution for each variable was tested using Kolmogorov-Smirnov tests.
Pearson product-moment correlation coefficients were performed for normally distributed
variables and Spearman’s rank-order correlation coefficient was used for non-normally
distributed variables to assess the degree of the relationship between variables. Partial
correlations were used to adjust for potential confounders.
The means of breastfeeding and sleep groups were compared using one-way
ANOVAs. For the breastfeeding groups, a MANOVA was used to test whether dietary
intake, physical activity level, and body weight were confounding variables affecting the
metabolic data collected between them. Post-hoc testing was performed to determine
where the significance between groups existed after performing each ANOVA. Repeated
measures ANOVAs and T-tests were used to assess changes in variables over time (e.g.
RMR during pregnancy, 4-6 months postpartum, and 12-13 months postpartum).
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Results
Pregnancy Visit
(n = 25)
(Mean ± SD or
# of women (%))
Age (years)

4-6 Month
Postpartum Visit
(n = 25)
(Mean ± SD or
# of women (%))
31.4 ± 4.2
24.6 ± 4.0

Pre-Pregnancy BMI
2

BMI (kg/m )
Body Fat Percentage (%)

29.0 ± 4.0
22.5 ± 4.8

25.1 ± 4.5
26.6 ± 6.8

Education
High school diploma
College degree
Post-graduate degree
Ethnicity
Caucasian
Physical Activity Frequency
None
Once a week
2-3 times/week
4-5 times/week
7 times/week
Breastfeeding Status
Breastfeeding exclusively
Formula feeding
Combination/Both

12-13 Month
Postpartum Visit
(n = 16)
(Mean ± SD or
# of women (%))

24.1 ± 4.6
23.8 ± 5.9

1 (4%)
12 (48%)
12 (48%)

1 (6.2%)
7 (43.8%)
8 (50%)

25 (100%)

16 (100%)

6 (24%)
4 (16%)
11 (44%)
3 (12%)
1 (4%)

9 (36%)
3 (12%)
5 (20%)
7 (28%)
1 (4%)

3 (18.7%)
2 (12.5%)
7 (43.8%)
3 (18.7%)
1 (6.3%)

N/A

N/A
73.8 ± 16.8

Heart Rate (bpm)

84.0 ± 10.9

15 (60%)
7 (28%)
3 (12%)
74.4 ± 12.9

Systolic Blood Pressure
(mmHg)

121.1 ± 15.4

122.9 ± 14.5

120.6 ± 14.3

Diastolic Blood Pressure
(mmHg)

74.6 ± 11.4

78.2 ± 9.0

74.0 ± 8.6

Fasting Glucose (mg/dL)

93.9 ± 9.0

96.3 ± 11.1

101.3 ± 11.3

HOMA-IR

2.2 ± 1.4

1.3 ± 0.7

1.5 ± 0.7

1882.3 ± 304.7

1522.3 ± 221.8

1547.4 ± 312.5

0.82 ± 0.06

0.83 ± 0.05

0.83 ± 0.04

0.080 ± 0.033

0.064 ± 0.021

0.064 ± 0.023

0.513 ± 0.107

0.425 ± 0.070

0.429 ± 0.098

1961.3 ± 784.2

1844.0 ± 974.0

1706.0 ± 875.0

Total Fat Consumed

83.6 ± 43.8

78.4 ± 44.8

66.8 ± 33.9

Total Carbohydrates
Consumed

231.5 ± 85.8

213.3 ± 112.7

219.2 ± 115.0

Total Protein Consumed

81.2 ± 38.6

77.9 ± 46.6

67.1 ± 38.7

Resting Metabolic Rate
(kcal/day)
Baseline Respiratory Quotient
Baseline Lipid Oxidation
Baseline Carbohydrate
Oxidation
Total Energy Consumed
(kcal)

Table 3. Participant Demographic, Metabolic, and Dietary Data
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Resting Metabolic Rate
Absolute RMR was significantly higher at the pregnancy time point than at the 46 month postpartum visit (1882.3 ± 304.7 vs 1522.3 ± 221.8, p < 0.001). Absolute RMR
was also significantly higher during pregnancy than at 12-13 months postpartum (1882.3
± 304.7 vs 1547.4 ± 312.5, p = 0.001). The difference in absolute RMR was not
significantly different between the 4-6 and 12-13 month postpartum time points (1506.0
± 228.3 vs 1547.4 ± 312.5, p = 0.558).
Accounting for body weight at each visit, relative RMR was found to be
significantly higher at the pregnancy time point than at 4-6 months postpartum (23.6 ±
3.4 vs 22.1 ± 2.7, p < 0.001). Relative RMR was not significantly different between the
pregnancy and 12-13 month time points (23.3 ± 2.8 vs 23.3 ± 4.7, p = 0.995. Relative
RMR was not significantly different between the 4-6 and 12-13 month postpartum time

RMR (kcals/day)

points (22.2 ± 2.2 vs 23.3 ± 4.7, p = 0.346).

Absolute RMR
*
*

2000

1500

1000
Pregnancy

4-6 Months PP

12-13 Months PP

Figure 4. Absolute Resting Metabolic Rate *p < 0.05 significance between groups
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Relative RMR
*

RMR (kcals/day)
per kg body weight

25
24
23
22
21

20
Pregnancy

4-6 Months PP

12-13 Months PP

Figure 5. Relative Resting Metabolic Rate Accounting for Body Weight *p < 0.05
significance between groups
Substrate Utilization
Respiratory quotient did not change significantly from pregnancy to 4-6 months
postpartum (0.82 ± 0.06 vs 0.83 ± 0.05, p = 0.525) or 12-13 months postpartum (0.82 ±
0.05 vs 0.83 ± 0.04, p = 0.626). The difference in RQ was not significant between the two
postpartum visits either (0.82 ± 0.05 vs 0.83 ± 0.04, p = 0.707).

Respiratory Quotient
Respiratory Quotient

0.89
0.87
0.85
0.83
0.81
0.79
0.77

0.75
Pregnancy

4-6 Months
Postpartum

12-13 Months
Postpartum

Figure 6. Respiratory Quotient Across the Three Time Points
Lipid oxidation during pregnancy was higher at the pregnancy visit when
compared to the 4-6 month (0.080 ± 0.033 vs 0.064 ± 0.021, p = 0.05), but not compared
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with the 12-13 month visit (0.077 ± 0.029 vs 0.064 ± 0.023, p = 0.096). Lipid oxidation
was not significantly different between the 4-6 and 12-13 month postpartum visits (0.064
± 0.020 vs 0.064 ± 0.022, p = 0.998). Carbohydrate oxidation during pregnancy was
higher in the pregnancy group when compared to both the 4-6 month (0.513 ± 0.107 vs
0.425 ± 0.070, p < 0.001) and 12-13 month postpartum visits (0.429 ± 0.098 vs 0.501 ±
0.098, p = 0.007). Carbohydrate oxidation was not significantly different between the 4-6
and 12-13 month postpartum visits (0.422 ± 0.067 vs 0.429 ± 0.098, p = 0.813).

Lipid Oxidation (g/min)

Lipid Oxidation
0.12

*

0.1
0.08
0.06
0.04
0.02
0
Pregnancy

4-6 Months PP

12-13 Months PP

Figure 7. Lipid Oxidation Between Time Points *p < 0.05 significance between groups

Carbohydrate Oxidation
*
*

Carb Oxidation (g/min)

0.7
0.6
0.5

0.4
0.3
0.2
0.1
0

Pregnancy

4-6 Months PP

12-13 Months PP

Figure 8. Carbohydrate Oxidation Between Time Points *p < 0.05 significance
between groups
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Sleep
Total sleep duration for the participants demonstrated a strong, negative
association with sleep component scores (r = -0.716, p < 0.001). Lower sleep scores are
indicative of better sleep quality according to the survey scoring guidelines. With regard
to body composition, the percent body fat at 4-6 months postpartum for “good sleepers”
was lower than that of the “poor sleepers” (23.7 ± 3.9 vs 29.0 ± 7.9, respectively). This
difference neared statistical significance (p = 0.057). Relative RMR was significantly
higher for the “good sleepers” than the “poor sleepers” at 4-6 months postpartum (see
Figure 9).
25

Sleep vs Relative RMR
*

RMR (kcals/day)
per kg body weight

24
23
22
21
20
19

Good Sleepers

Poor Sleepers

Figure 9. Relative RMR Between Good and Poor Sleepers *p < 0.05 significance
between groups
Breastfeeding
Lean participants were more likely to breastfeed than the overweight and/or obese
participants (p = 0.027). Both BMI and percent body fat at 4-6 months postpartum were
significantly lower in the breastfeeding group than in the non-breastfeeding group (23.7 ±
3.3 vs 28.7 ± 5.3, p = 0.009). The breastfeeding group spent a greater percentage of time
engaging in moderate intensity physical activity than the non-breastfeeding group at 4-6
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months postpartum (13.8 ± 4.1 vs 10.0 ± 1.7, p = 0.041). Insulin resistance was lower
among the women who were breastfeeding at 4- 6 months postpartum (1.18 ± 0.56 vs
2.00 ± 1.18, p = 0.027). All of the significant findings with regard to breastfeeding status
remained significant when accounting for body weight at the 4-6 month postpartum visit.

Absolute RMR

RMR (kcals/day)
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1600
1500
1400
1300
1200

Breastfeeding

Non-Breastfeeding

Figure 10. Absolute RMR by Breastfeeding Status

Relative RMR

*

RMR (kcals/day)
per kg body weight

24

22
20
18
16
14

Breastfeeding

Non-Breastfeeding

Figure 11. Relative RMR by Breastfeeding Status *p < 0.05 significance between
groups
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Respiratory Quotient (RQ)

*

0.88

RQ

0.84
0.8
0.76
0.72

Breastfeeding

Non-Breastfeeding

Figure 12. RQ by Breastfeeding Status *p < 0.05 significance between groups
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Figure 13. Lipid and Carbohydrate Oxidation by Breastfeeding Status *p<0.05
significance between groups
Gestational Weight Gain and Postpartum Weight Retention
Gestational weight gain (GWG) was significantly correlated with postpartum
weight retention (PPWR) at the 4-6 months postpartum visit (r = 0.428, p=0.037). There
also seemed to be a moderate positive correlation between GWG and PPWR at the 12-13
month postpartum timepoint, but this relationship was not statistically significant
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(r = 0.452, p = 0.079). A strong positive correlation was found between postpartum
weight retention values at 4-6 months and 12-13 months postpartum (r = 0.856, p <
0.001).
Adiponectin
Adiponectin at 4-6 months postpartum was found to be significantly correlated
with age (r = 0.453, p = 0.045) and with gestational weight gain (r = 0.458, p = 0.048).
With regard to sleep, adiponectin levels were negatively correlated with sleep component
scores at 4-6 months postpartum, but this association was not statistically significant (r =
-0.291, p = 0.228). However, adiponectin at 4-6 months postpartum was positively
associated with average total sleep duration (r = 0.465, p = 0.039). When adjusting for
inflammation, using C-reactive protein (CRP), this association was still significant
(p = 0.010) between sleep duration and adiponectin at 4-6 months postpartum. Fasting
adiponectin levels at 4-6 months postpartum were higher for the “good” sleepers than for
the “poor” sleepers, but this finding was not statistically significant (15062.8 ± 7419.4 vs.
9745.5 ± 5110.8, p = 0.084). Examining insulin resistance, adiponectin levels were
negatively associated with HOMA-IR. Although this association was not statistically
significant, it approached significance (r = -0.429, p = 0.086).
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Discussion
Resting Metabolic Rate
RMR of the participants was shown to be different between the study visits.
During late pregnancy, the RMR values were higher than those measured at the
postpartum visits. While it is not likely these changes simply occurred due to the decrease
in overall body weight and size during pregnancy, this is a factor that is known to impact
RMR directly. Accounting for the changes in body weight between these time points,
though, there were very similar trends, as RMR per kilogram body weight was
significantly higher during late pregnancy than in the 4-6 month postpartum period.
There was not a significant difference between the relative RMR measurements between
the two postpartum visits, however. That said, the relative RMR of the participants at the
12-13 month visit was higher than that from the 4-6 month visit, which suggests that
there may still be some metabolic recovery up to a year after delivery.
Butte et al. (1999) had similar findings during their study. Their study utilized
direct, room calorimetry and basal metabolic rate was analyzed along with other
metabolic measurements to determine the total energy expenditure of women during late
pregnancy and during the postpartum period. The results of their study also demonstrated
a significantly higher RMR for the participants, even when accounting for changes in
body weight between the time points. Similarly, their findings indicated that there were
other factors that influenced increased RMR outside of the increase in body size (i.e.
body composition and hormonal changes).
Considering that RMR is the largest component of caloric expenditure in humans,
it suggests that a decrease in this rate could make it easier to retain weight. Throughout
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pregnancy, women are recommended to increase their caloric intake to supply the
additional caloric requirements of the developing fetus. Research has also demonstrated
that many women become less physically active during this time. This combination of
increased caloric intake and decreased physical activity will lead to a positive energy
balance. If these trends continue from pregnancy to postpartum and women do not either
decrease their caloric intake or increase their caloric expenditure via physical activity, a
reduced relative RMR will further enhance the likelihood of postpartum weight retention
and possibly even further weight gain after delivery.
Substrate Utilization
The respiratory quotient between the pregnancy and postpartum visits was not
significantly different (averaging ~0.81). Our findings were dissimilar to a previous
study, which determined that RQ was significantly higher during pregnancy than in the
postpartum period (Butte et al. 1999). In this particular study, RQ during pregnancy was
about 0.83 and dropped to 0.80 at six months. Some speculation as to why our
postpartum group’s RQ may have remained elevated after pregnancy could be their
variation in other factors such as sleep, breastfeeding status, and dietary intake. For
example, the processes of lactation and breastfeeding have an effect on resting
metabolism and respiratory quotient. In Butte et al.’s (1999) study, they did find
differences between women who were lactating and those who were not.
Another component of substrate utilization that was calculated is the rate of lipid
and carbohydrate oxidation. Both of these were significantly higher in the pregnancy
group than the postpartum groups. A higher rate of oxidation is not necessarily favorable,
especially with regard to lipid metabolism, as it has been linked with increased
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inflammatory markers and responses (Tinius, Cahill, Strand, & Cade 2015). It is believed
that an increased rate of oxidation of substrates may mean incomplete metabolism of the
substrates. A higher/faster oxidation rate, especially of lipids, would suggest a more
partial breakdown of the sources in the body, which would mean that there are more
incomplete molecules circulating the body. This is likely the reason that there is an
increased risk for inflammation with increased rate of lipid oxidation.
Tinius et al. (2015) found that pregnant women who were obese had an increased
lipid oxidation in comparison with their lean counterparts and that an increased rate of
lipid oxidation was significantly correlated with maternal inflammation and insulin
resistance. It is possible that for women who are obese, lipid oxidation is increased to
compensate for the extra fat stored within the body. Because of this, the breakdown of the
fat sources, although accelerated, is more inefficient. In the present study, during
pregnancy, lipid oxidation and HOMA-IR were positively correlated (r=0.51, p=0.012).
At 12 months postpartum, the present study found trending relationships between lipid
oxidation and CRP (r=0.401, p=0.166) and HOMA-IR (r=0.44, p=0.09). Taken together,
these findings suggest that inefficient lipid metabolism could be potentially contributing
to unfavorable downstream outcomes among pregnant and postpartum women.
Sleep in the Postpartum Period
Women who were deemed to have “good” sleep had a significantly higher RMR
per kilogram body weight than the women who had poor sleep at 4-6 months postpartum.
As the Pittsburgh Sleep Quality Index (PSQI) accounts for both quantity and quality of
sleep, either of these could have been responsible for the metabolic responses observed.
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With regard to quantity of sleep, sleep restriction has been shown to decrease resting
metabolic rate in both males and females (St-Onge 2013; Spaeth et al. 2015).
Spaeth, Dinges, & Goel (2015) found that people who were deprived of sleep
demonstrated a significantly decreased RMR. That said, this was only about 50 kcals/day
less in the sleep deprived group. Our results mirrored this as there was only a difference
of about 60 kcals/day less for our mothers with a poor sleep score. This is why we
accounted for the differences in body weight, which was not done in the aforementioned
study. Significant findings looking at relative RMR demonstrate that an increased
duration of sleep can result in increased metabolic rate for individuals, regardless of their
weight status.
Findings such as these could support those similar to Gunderson et al.’s (2008),
where they found that women 6 months into the postpartum period who reported sleep
durations of 5 hours or less were more likely to struggle with postpartum weight retention
up until one year after delivery. While there was not a significant difference between the
postpartum weight retention of the good and poor sleepers of our study, the good sleepers
did have a lower mean weight retention value.
In the present study, there was also a significant, negative correlation between
total hours of sleep that the mothers reported and their index component scores at 4-6
months postpartum. For this index, a lower component score was indicative of a better
overall sleep quality. This suggests that those who reported having slept more hours on
average each night reported better overall sleep quality, with fewer disruptions while
sleeping. This favorable combination of improved sleep quality and quantity has been
shown to improve RMR. Buxton et al. (2012) also demonstrated that if sleep quality and
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quantity are diminished, it can have lasting effects. For a mother of a newborn child, this
could be cause for concern as it is likely to take time before a consistent sleep routine is
achieved after delivery. Her sleep schedule will mirror that of her new baby’s, which
makes it somewhat difficult to develop that schedule voluntarily. However, women can
benefit from being counseled on techniques on how to establish a consistent schedule
with their baby. If necessary, it is also possible that women can talk to their obstetrician
or primary care physician about low dosages of sleep enhancing medication to improve
the quality of sleep that they are able to get in the time that they can get it. Either way, the
goal should be to improve sleep hygiene so that there will not be lasting metabolic
detriment which could hold a woman back in her postpartum recovery.
Interestingly, we also found that adiponectin levels were positively correlated
with the total hours of sleep that our participants reported having for the month prior to
their 4-6 month postpartum visit. A similar result was found in a study observing changes
in adiponectin levels in sleep-restricted individuals (Simpson et al. 2010). In their study,
the most notable result was observed in Caucasian women, who had significantly lower
adiponectin levels in response to the restricted sleep. It is hypothesized that the direct
relationship between adiponectin and sleep duration is a factor of inflammation.
Adiponectin has been found to have anti-inflammatory properties and its reduction in
concentration would indicate that a decreased sleep duration can evoke inflammatory
responses within the body.
Interestingly, in the present study, we found a trending negative relationship
between adiponectin levels and CRP levels (marker of inflammation) at 4-6 months
postpartum (r = -0.43, p = 0.079). It could be hypothesized that lower adiponectin levels
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result in increased inflammation, which may contribute to the reduced durations of sleep
that these women exhibited. Further, the negative relationship observed between
adiponectin and insulin resistance in the present study was consistent with previous
literature (Nien et al. 2007; Obata et al. 2013).
Breastfeeding in the Postpartum Period
In our study, lean women were more likely to breastfeed than overweight and
obese women at 4-6 months postpartum. Amir and Donath (2007) conducted a systematic
review investigating the breastfeeding intentions of pregnant women and the review
yielded similar results. Normal weight women were more likely to plan to breastfeed than
women who were overweight or obese and, interestingly, obese women who chose to
breastfeed planned to breastfeed for a shorter duration of time. There is not direct
speculation as to why this is. There are a number of biological, psychological, and
sociological variables that could factor into this decision for an expecting mother.
With regard to metabolism, the women in our study who breastfed to any
capacity, whether exclusively or in combination with formula feeding, had a lower RMR
compared with the women who did not breastfeed at 4-6 months postpartum. Accounting
for the body weight in the RMR measurement was necessary as the leaner women were
more likely to breastfeed. After doing so, relative RMR was significantly higher for the
women who breastfed. In fact, the breastfeeding group demonstrated a relative RMR of
about 2.4 kcals/day extra per kilogram body weight. Such an increase in RMR could have
a notable effect on a mother’s weight and her recovery to pre-pregnancy metabolism and
weight status. Considering that, women who breastfeed are recommended to increase
their caloric intake to maintain lactation, so this increase in RMR would also be affected
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by the number of extra calories that the mother consumes. For our study, there was not a
significant difference in caloric intake between the breastfeeding and formula feeding
participants (1893 ± 927 vs 1732.3 ± 1143.3, p = 0.724). Therefore, the increased relative
RMR could have a more profound effect on weight management for them as increased
caloric intake did not deduct heavily from their increased resting metabolism.
Looking at respiratory quotient, the values for the breastfeeding group were
significantly higher than that of the non-breastfeeding group. The breastfeeding group
had a mean fasting RQ of about 0.84 ± 0.04 and the non-breastfeeding group had a mean
fasting RQ of 0.79 ± 0.05. This trend is similar to that of Butte et al.’s (1999), but the
difference in RQ was only slightly higher in the lactating group. It was much more
noticeable of a difference in our study. An increased RQ in women who are lactating is
understandable as carbohydrates, or more specifically glucose molecules, are utilized by
the mammary glands to sustain lactation.
The lack of consistency between this increased RQ effect in Butte et al.’s (1999)
study and our own could be the result of a difference in the composition of calories that
the participants consumed. However, there were no significant differences in total caloric
intake or macromolecule consumption between the groups. Another hypothesis that could
have resulted in a greater difference between the RQ values could be a difference in
breastmilk composition. Such a difference could result in an altered demand for glucose
in the mammary glands, and therefore, an altered RQ value. Studies have already shown
that breastmilk composition changes in response to the needs of the child during
breastfeeding depending on the child’s salivary contents. These studies tend to observe
this with regard to immunity-boosting components in the breastmilk (Al-Shehri et al.
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2015), but it is possible that a change in lipid/carb composition could result as well to
support the child’s health.
With regard to body composition, the women who breastfed had a significantly
lower body fat percentage and BMI than the women who did not. It is possible that this is
due to an increased glycogenolysis in the lactating women to meet the glucose demands
of the mammary glands (Gunderson 2014). First off, the lactating women in our study
had an elevated RQ at 4-6 months postpartum, which is indicative of increased
carbohydrate utilization. Also, we found that although the lactating and non-lactating
groups did not have a significantly different physical activity frequency, when they were
physically active, they spent a significantly higher percentage of time at a moderate
intensity level.
This combination of carbohydrate mobilization and moderate exercise intensity
increases the likelihood of glycogen stores within the body being broken down to meet
energy demands. One would expect that this glycogenolysis would be compensated for
by an increased carbohydrate dietary intake (Pannacciulli 2007). However, there were no
significant differences in the dietary intake of the lactating and non-lactating groups in
our study. If the glycogen stores were depleted more easily in the breastfeeding group
and the women did not consume more carbohydrate sources to replenish the stores, it
could prompt the body to utilize fat sources stored within it to meet metabolic demands.
This could explain the decreased body fat percentage in the breastfeeding group.
While changes such as a decreased body fat percentage and BMI are favorable, it
is important to note that for some women, lifestyle choices may not mirror those of our
participants. For example, women are recommended to increase caloric intake to sustain
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lactation for a longer duration of time. Our participants demonstrated a slight,
insignificant increase in caloric intake. For many women who plan to breastfeed for a
sustained amount of time, this may not be so feasible. In order to sustain an adequate
milk supply, they need to increase their dietary intake to meet the increased metabolic
demands of the lactation process. Although this increased caloric intake will deduct from
the extra calories expended, the lactation process will still have benefits that outweigh
this decrease. Also, if women were to increase their physical activity levels to make up
for the extra calories consumed, this could further enhance caloric expenditure and lead
to a more favorable weight status.
Regarding insulin resistance, the breastfeeding group in our study demonstrated
significantly lower homeostasis model of assessment insulin resistance (HOMA-IR)
values at 4-6 months postpartum. This suggests that women who breastfed were more
sensitive to insulin than the women who did not breastfeed. This finding in the current
study agrees with those of other studies. In particular, Tigas, Sunehag, and Haymond
(2002) looked at the difference in fasted insulin concentrations between lactating and
non-lactating women and found that the insulin concentration in lactating women was
significantly lower than in the non-lactating women, though that particular study was
limited by a small sample size.
Considering that, it could be hypothesized that since we saw similar results with a
larger sample of participants, the principles behind the results may prove to be
significant. As previously discussed, there is an increased demand for glucose in the
mammary glands to support lactation. As the women have an increased rate of glucose
production to meet this requirement, lower insulin concentrations indicate that they are
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more insulin sensitive and don’t require as much insulin in response to the glucose
concentrations in the body. This suggests that breastfeeding can have a profound
metabolic effect for women in the postpartum period. Although our participants were not
diabetic, it could be hypothesized that breastfeeding could have lasting benefits for
women who may have been diagnosed with gestational diabetes. Improved insulin
sensitivity for women diagnosed with GDM can aide them in recovering from the
diagnosis and reverse its effects so that do not remain diabetic after delivery.
Lipid and carbohydrate oxidation values were significantly lower in the
breastfeeding group of the present study. As mentioned, these lower values could indicate
that there is a more complete breakdown of the lipid and carbohydrate molecules in
women who are breastfeeding. High oxidation rates can indicate the opposite effect, as a
more incomplete oxidation of the sources may ensue. Such a situation can be of detriment
to a woman and has been shown to have negative effects including increased
inflammation due to unusable byproducts floating around the body. The lower oxidation
values of our participants likely indicate an increased metabolic efficiency for the women
who are breastfeeding for a prolonged period of time.
Overall, the rationale behind why breastfeeding is so beneficial is not well
understood. There are protective properties of the process of breastfeeding, though, that
could contribute to why mothers who breastfeed tend to recover more quickly after
pregnancy than those who do not. One known benefit of breastfeeding is the release of
the hormones prolactin and oxytocin with the process. These hormones are associated
with a more relaxed emotional and physical state for the mother. With less physiological
and psychological stress for mothers who opt to breastfeed, there are a number of benefits
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to be received. For example, with oxytocin, the relaxation encourages the mother’s uterus
to return to regular size in a shorter amount of time.
Breastfeeding has also been shown to potentially contribute to a delayed
resumption of a menstrual cycle in the postpartum period. This means that women are not
as likely to become pregnant soon after delivery (Tjandrarini and Herdayanti 2010).
Again, this demonstrates a way in which breastfeeding reduces the stress placed on the
body during postpartum recovery. It is possible that the stress-reducing properties of
breastfeeding can contribute to a more efficient recovery on a number of metabolic and
physiological levels, as it allows for the body to heal sooner. This reduced stress level can
also contribute to a feeling of increased motivation for breastfeeding mothers as they feel
happier and want to make healthier choices to further enhance their recovery.
Adiponectin in the Postpartum Period
Adiponectin was found to be positively correlated with age in the present study.
This is as we would expect given what the current literature suggests. It has been
suggested that this increase in adiponectin can be seen in both healthy patient and in
those with type II diabetes as well (Obata et al. 2013). Some speculation as to why this
increase takes place with increasing age is that there is a redistribution of fat within the
body as it ages; peripheral fat stores decrease and there is more visceral fat (Gulcelik et
al. 2013). Adiponectin levels increase in response to this in order to better protect the
body from the inflammatory and atherogenic effects of the visceral fat accumulation.
This is likely why we see an increased prevalence of an eventual adiponectin resistance in
obese individuals (Engin 2017).
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This is also a potential reason for the positive relationship we found between
adiponectin and the gestational weight gain of our participants. The IOM guidelines for
gestational weight gain suggest that women should gain weight at higher rates early in
gestation and that the rate of weight gain should decrease as they approach delivery.
Considering that fat storage is a key feature to the first and second trimesters of
pregnancy, this means that (barring the weight gained from the growing fetus) women are
more likely to gain weight in the form of stored fat throughout gestation. Therefore, it’s
logical that women who had greater gestational weight gain would have higher
adiponectin levels than those who put on less weight.
Adiponectin was also negatively associated (p = 0.086) with insulin resistance as
assessed by comparing HOMA-IR values at 6-months postpartum. Although this
association was not significant among our participants, other studies have resulted in a
similar relationship between the variables that was, indeed, significant. Acharya et al.
(2013) looked at overweight and obese adults and noted that as adiponectin levels
increased, insulin resistance was decreased for the participants. This supports the theory
that adiponectin has properties associated with increasing insulin sensitivity (i.e.
decreasing insulin resistance) and reducing the workload placed on pancreatic beta cells
to secrete extra insulin in response to circulating glucose.
The anti-diabetic properties associated with adiponectin suggest that increased
serum levels of this hormone are preferential. With this in mind, both physicians and
researchers alike should hope to determine how to increase adiponectin levels for patients
– especially those who are obese and/or diabetic. The pronounced insulin-sensitizing
effects associated with higher serum adiponectin levels are something that will likely lead
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to a decreased risk for diabetes in non-diabetic patients and that can improve the
symptoms for people who have already been diagnosed as diabetic. It is believed that
adiponectin levels can be increased by consuming a healthier diet, but specific food
sources that elicit the greatest adiponectin responses are not well known (Izadi and
Azadbakht 2015). This is something that could be studied more heavily in order to
provide patients with specific recommendations for combating the complications
associated with diabetes.
Gestational Weight Gain and Postpartum Weight Retention
The amount of weight that women gained throughout gestation was significantly
related to postpartum weight retention at 4-6 months after delivery for our participants.
This suggests that women should aim to keep their gestational weight gain within the
recommended IOM guidelines. And especially for smaller women who are afforded more
weight to gain, they may consider keeping the weight gain closer to the mid-to-lower
portion of the range to avoid complications with postpartum weight retention later on.
Postpartum weight retention at 4-6 months and 12-13 months was significantly correlated
for the participants. This demonstrates the importance of a woman returning to her prepregnancy weight status (or better) in the shortest and safest time frame. By 6 months, a
woman should hope to have returned to a more favorable weight status. This will not only
improve her health at this time point, but could also have lasting, favorable effects up to a
year after delivery.
Limitations
One key limitation to this study was that pre-pregnancy data was not collected for
comparison to pregnancy and postpartum values. Although this would not be feasible,
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pre-pregnancy values would give a better understanding of whether mothers fully recover
to baseline levels in the postpartum period. The values measured in this study were more
concerned with postpartum weight loss overall and whether the women achieved their
pre-pregnancy weight status. The pre-pregnancy weight values were taken from selfreported values from our participants and there is a possibility that these self-reported
weights were inaccurate and could have affected the data.
In light of this, it is also important to mention that for some of the data collected,
such as dietary and sleep data, self-reported surveys were utilized. That means that the
data obtained from these surveys could have some discrepancies in comparison with
actual values. Perhaps the use of more direct and involved methods (i.e. a dietary journal,
sleep studies, etc.) could have provided us with more accurate data. That said, while these
direct methods are usually more precise and accurate, tare not always as feasible as the
methods used within our study.
Another limitation to this study is that we only had Caucasian participants. Also,
most of our participants were lean prior to conception. Having a larger percentage of
participants who were overweight or obese would have allowed for us to have a better
picture of comparison between a variety of women.
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Conclusions
Overall, the purpose of this study was to examine the changes in resting
metabolism in women from late pregnancy through the postpartum period. The findings
from this project demonstrate that mothers may have hypermetabolic responses that occur
in late pregnancy. Following birth, these processes seemed to return closer to prepregnancy levels. Absolute RMR, relative RMR, lipid oxidation, and carbohydrate
oxidation were all significantly decreased from pregnancy to postpartum. This could be
cause for why some women struggle with weight retention in the postpartum period.
This study also considered other factors that could potentially impact metabolic
processes, but that were either understudied or not fully understood in the postpartum
period. In doing so, we found that enhanced sleep quality and breastfeeding contribute to
improved resting metabolism. Sleep and breastfeeding were also found to relate to other
variables associated with body weight and composition. This suggests that health care
providers should recommend that postpartum patients establish a consistent sleep
schedule as soon into the postpartum period as safely possible and that they should be
recommended to breastfeed for as long as they can manage. Of course, there are
situations that preclude women from breastfeeding and sleeping well, but if they can, it
should be recommended for their benefit with regard to postpartum recovery.
This study serves as one that is more comprehensive in nature, as multiple
variables were measured and observed. It also serves to bring more attention to the
postpartum period than has been given up to this point. Pregnancy is a physically and
physiologically impactful event for a woman and her recovery after delivery should
receive more focus. After all, she is still a patient and deserves an appropriate amount of
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monitoring to help her achieve optimal postpartum recovery in the most efficient time
frame. This study further supports the idea that women should receive a more
comprehensive follow-up with a health care provider after pregnancy. Some of the
metabolic effects studied in this project could take time to notice for a new mother who
places all of her attention on her child. And as discussed, these effects can have lasting
health outcomes. Therefore, if more women opted to attend counseling and medical
monitoring after pregnancy, some of these metabolic changes can be better understood.
This would inevitably lead to a better recovery in the postpartum period as the women
could be counseled and given recommendations on how to do so in the most efficient
way.
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APPENDIX C
Pre-Test Meal Instructions
Pretesting Menu Guideline for Study Participants needing 800 Calories and evening snack:
In order to prepare for the testing on the WKU, we would like to ask for you to follow a specific
diet for the dinner the night before you come into the Lab.
Begin your dinner meal around 6 pm, have an evening snack around 9 pm, and then only drink
water after that.
Eat all of the food on the menu to get adequate amounts of food.
Avoid alcohol for 24 hours before coming in for the testing.
Prepare the meals as stated without adding anything extra other that herbs or spices, including
salt and pepper
Do not consume any caffeine or chocolate
Dinner:
3 ounces (about the size of a deck of cards) of baked, broiled or grilled chicken, beef, pork, fish
or tofu
1 medium baked potato, sweet potato or equal amount of mashed potatoes, cooked pasta or
rice
1 ounce sour cream or ¼ cup of gravy or sauce (like Alfredo) for potato, pasta or rice
½ cup carrots, green beans, asparagus, or other non-starchy vegetable
1 dinner roll, slice of bread or equal amount of pita, naan or corn bread
2 teaspoons margarine or butter
½ cup grapes or one small peach, orange, apple or other desired fruit
½ cup ice cream, sherbet or frozen yogurt or 1 serving vanilla wafers or shortbread cookies
½ cup apple or other fruit juice
Evening Snack- to be eaten at 9 pm:
3 graham cracker squares
1 cup 2% milk
Or
½ peanut butter and jelly sandwich
After that, do not eat or drink anything, except water, until after your nurse tells you may eat at
the Exercise Laboratory.
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Pretesting Menu Guideline for Study participants needing 1000 Calories and evening snack:
In order to prepare for the testing at the Medical Center, we would like to ask for you to follow a
specific diet for the dinner the night before you come to visit us.
Begin your dinner meal around 6 pm, have an evening snack around 9 pm, and then only drink
water after that.
Eat all of the food on the menu to get adequate amounts of food.
Avoid alcohol for 24 hours before coming in for the testing.
Prepare the meals as stated without adding anything extra other that herbs or spices, including
salt and pepper
Do not consume any caffeine or chocolate
Dinner:
3 ounces (about the size of a deck of cards) of baked, broiled or grilled chicken, beef, pork, fish
or tofu
1 baked potato, sweet potato or equal amount of mashed potatoes, cooked pasta or rice
1.5 ounce sour cream or ¼ cup of gravy or sauce (like Alfredo) for potato, pasta or rice
¾ cup carrots, green beans, asparagus, or other non-starchy vegetable
1.5 dinner roll, slice of bread or equal amount of pita, naan or corn bread
1.5 teaspoons margarine or butter
¾ cup grapes or one small peach, orange, apple or other desired fruit
½ cup ice cream, sherbet or frozen yogurt or 1 serving vanilla wafers or shortbread cookies
¾ cup apple or other fruit juice
Evening Snack- to be eaten at 9 pm:
3 graham cracker squares
1 cup 2% milk
Or
½ peanut butter and jelly sandwich
After that, do not eat or drink anything, except water, until after your nurse tells you that you
may eat at the Exercise Laboratory.
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Pretesting Menu Guideline for Research Participants needing 1200 Calories and evening snack:
In order to prepare for the testing at WKU, we would like to ask for you to follow a specific diet
for the dinner the night before you come into the Lab.
Begin your dinner meal around 6 pm, eat your evening snack around 9 pm, and then drink water
only after that.
Eat all of the food on the menu to get adequate amounts of food.
Avoid alcohol for 24 hours before coming in for the testing.
Prepare the meals as stated without adding anything extra other that herbs or spices, including
salt and pepper
Do not consume any caffeine or chocolate
Dinner- to be eaten around 6 pm:
3 ounces (about the size of a deck of cards) of baked, broiled or grilled chicken, turkey, beef,
pork, fish or tofu
1 large baked potato, sweet potato or equal amount of mashed potatoes, cooked pasta or rice
2 ounces sour cream or ½ cup of gravy or sauce (like Alfredo) for potato, pasta or rice
1 cup carrots, green beans, asparagus, or other non-starchy vegetable
2 dinner rolls, 2 slices of bread or equal amounts of pita, naan or corn bread
1 tablespoon margarine or butter
1 cup grapes or one large peach, orange, apple or other desired fruit
1 slice cheese or small carton of yogurt
½ cup ice cream, sherbet or frozen yogurt or 1 serving vanilla wafers or shortbread cookies
1 cup of skim or low fat milk
Evening Snack- to be eaten at 9 pm:
3 graham cracker squares
1 cup 2% milk
Or
½ peanut butter and jelly sandwich
After that, do not eat or drink anything, except water, until after your nurse tells you may eat at
the Exercise Laboratory.
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APPENDIX D
Pittsburgh Sleep Quality Index (PSQI)
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APPENDIX E
Validated Breastfeeding Survey
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